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(54)  Adjustable  strap  implemented  return  line  for  a  probe  station. 

(57)  A  return  line  (20)  for  a  probe  station  includes 
a  sheet-like  conductive  strap  (25)  having  a  first 
end  (52)  connected  electrically  to  a  first  probe 
(22)  and  a  self-coiling  second  end  (54)  connec- 
ted  automatically  detachably  to  a  second  probe 
(24)  ,  as  by  insertion  of  the  second  probe  cent- 
rally  within  the  coils  of  the  second  end  (54).  If 
the  spacing  between  the  probes  (22,24)  exceeds 
a  maximum  distance,  the  strap  (25)  harmlessly 
disconnects.  The  flat  central  portion  of  the  strap 
(25)  automatically  tracks  any  reductions  in  the 
spacing  between  the  probes,  which  enables  fast 
probe  travel  and  minimizes  noise  pickup.  Pref- 
erably  a  spindle  (104)  rotatably  engages  the 
coiled  probe  (22)  and  has  a  post  member  (102) 
that  carries  the  second  end  (54)  of  the  strap  to  a 
far  side  of  the  probe  to  improve  tip  visibility  and 
electrical  connection  during  close-in  probing.  A 
process  of  making  the  strap  (25)  includes  de- 
positing  layers  of  metal  on  a  substrate  using 
thin  film  technology.  Self-coiling  behavior  of 
the  strap  is  promoted  by  preheating  the  sub- 
strate  (120)  and  by  choosing,  for  one  of  the 
layers,  a  metal,  thickness,  and  deposition  pro- 
cess  that  will  result  in  strong  compressive  for- 
ces  acting  internally  in  the  layer.  For  ease  of 
removal  from  the  substrate,  self-releasing  be- 
havior  of  the  strap  is  promoted  by  providing  an 
ultrasmooth  substrate,  a  first  layer  material 
(128)  that  bonds  weakly  to  the  substrate  but  has 
a  controllable  thickness,  and  a  second  layer  of 
material  (132)  that  bonds  variably  to  the  sub- 
strate  depending  on  the  thickness  of  the  first 
layer  (128). 
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Background  of  the  Invention 

The  present  invention  relates  to  an  apparatus  and 
method  for  implementing  a  return  line  of  the  type 
which  are  used  with  probe  stations  and,  in  particular, 
to  an  adjustable  strap  implemented  return  line  of  the 
type  used,  for  example,  to  electrically  interconnect 
the  signal  probe  and  ground  probe  of  a  high  frequency 
probe  station  as  well  as  a  procedure  for  making  the 
strap. 

The  testing  of  high-frequency  electrical  compo- 
nents  is  typically  performed  at  a  probe  station.  At  the 
probe  station,  the  device-under-test  (DUT)  is  held 
temporarily,  such  as  by  vacuum  pressure,  on  a  table 
or  so-called  stage.  The  signal  probe  and  ground 
probe  are  normally  mounted  above  the  stage,  each 
by  its  own  X-Y-Z  positioner,  so  that  each  probe  is  ca- 
pable  of  independent  X-Y-Z  movement  across  the 
measurement  plane  defined  by  the  top  surface  of  the 
device.  This  allows  the  tip  of  each  probe  to  be  moved 
between  various  measurement  sites  or  ground  sites 
on  the  DUT. 

To  enable  proper  transmission  of  high-frequency 
signals  through  the  signal  probe,  the  tip  of  the  signal 
probe  usually  comprises  a  controlled-impedance 
structure  having  a  signal  line  conductor  and  ground 
line  conductor  in  predetermined  closely-spaced  ar- 
rangement  to  each  other.  In  order  to  return  the  ground 
line  conductor  of  the  signal  probe  to  the  ground  of  the 
DUT,  a  separate  return  line  is  used  since  the  spacing 
between  the  measurement  site  and  the  nearest 
ground  site  on  the  DUT  is  typically  variable  and  often 
is  much  larger  than  the  spacing  between  the  signal 
line  and  ground  line  conductors  on  the  tip  of  the  signal 
probe.  The  desirability  of  using  a  sheet-like  strap  as 
a  return  line  for  a  high-frequency  probe  is  recognized 
in  several  references  including  Gleason  etal.  U.S.  Pa- 
tent  No.  5,045,781,  Soar  U.S.  Patent  No.  4,838,802, 
and  Japanese  Patent  Publication  No.  1-178872  by 
Chiyojima  published  July  17,  1989. 

Gleason  shows  a  rigid  strap  extending  in  cantilev- 
ered  position  from  the  ground  probe  for  wiping  en- 
gagement  across  the  outer  conductor  of  the  signal 
probe.  In  this  setup,  typically  there  will  be  an  unused 
portion  of  strap  extending  past  the  signal  probe  where 
the  length  of  this  unused  portion  is  many  times  larger 
than  the  tip-to-tip  separation  between  the  probes. 
This  occurs  because  the  majority  of  probing  is  typical- 
ly  performed  close-in,  that  is,  with  the  tips  of  the  sig- 
nal  and  ground  probes  separated  by  distances  which 
do  not  exceed  .010  inches,  whereas  the  length  of  the 
rigid  strap  is  not  allowed  to  be  any  shorter  than  the 
maximum  anticipated  distance  between  the  signal 
and  ground  probes,  which  can  be  one  inch  or  more. 
This  means  that  noisy  components  that  are  relatively 
far  removed  from  the  vicinity  of  the  measurement  and 
ground  sites  can  still  be  near  enough  to  the  unused 
portion  of  the  strap  so  that  spurious  energy  leaks  into 

the  strap  and  impairs  the  accuracy  of  the  readings 
which  are  being  taken.  This  also  means  that  if  the  vi- 
cinity  surrounding  the  test  and  ground  sites  is  clut- 
tered  with  high-profile  components,  there  is  a  strong 

5  possibility  that  the  unused  portion  will  interfere  phys- 
ically  with  these  components  to  prevent  positioning  of 
the  signal  and  ground  probes  on  their  respective 
sites. 

Soar  shows  a  fixed-length  flexible  ground  strap 
10  permanently  connected  at  each  end  to  a  respective 

probe.  Because  of  its  flexibility,  the  strap  used  in  Soar 
arches  outwardly  when  the  signal  and  ground  probes 
are  brought  togetherfor  close-in  probing.  Like  the  un- 
used  portion  of  the  rigid  strap,  this  arched  portion  can 

15  pick  up  noise  from  devices  which  are  relatively  far 
away  and  can  interfere  with  surrounding  components 
when  attempts  are  made  to  move  the  probes  to  cer- 
tain  of  their  positions.  Furthermore,  if  the  signal  and 
ground  probes  are  inadvertently  moved  apart  in  the 

20  X-Y  plane  by  a  distance  exceeding  the  length  of  the 
strap,  this  can  result  in  a  broken  probe  tip  or  can 
cause  a  hardened  tip  to  be  dragged  across  the  device 
causing  damage  to  the  device  surface.  Moreover,  the 
Soar  return  line  does  not  permit  the  Z-axis  or  vertical 

25  position  of  each  probe  to  be  varied  independently.  If, 
for  example,  the  signal  probe  is  lifted  over  a  high  pro- 
file  component  and  brought  back  down  to  a  new 
measurement  site,  it  is  also  necessary  to  lift  and  then 
reposition  the  ground  probe. 

30  Chiyojima  shows  a  roll-out  strap  assembly  where 
the  roll-out  mechanism  includes  a  reel  mounted  rotat- 
ably  about  the  signal  probe  and  around  which  the 
flexible  strap  is  wound.  The  assembly  also  includes  a 
protective  enclosure,  which  houses  the  reel  and 

35  strap,  and  a  take-up  mechanism  comprising  a  crank 
geared  with  the  reel  so  that  when  the  crank  is  turned, 
the  strap  is  rewound  about  the  reel  for  close-in  prob- 
ing. 

Although,  in  Chiyojima,  operation  of  the  crank 
40  keeps  the  length  of  the  strap  to  a  minimum,  if  the  op- 

erator  accidentally  applies  too  much  force  to  the 
crank,  this  can  drag  the  tip  of  a  probe  across  the  de- 
vice  or  can  cause  the  strap  to  break  clear  of  its  pro- 
tective  enclosure  so  the  enclosure  must  be  taken 

45  apart  in  order  to  make  repairs.  The  same  problems 
occur  if  the  signal  and  ground  probes  are  separated 
by  a  distance  in  the  X-Y  plane  which  exceeds  the 
maximum  length  of  the  strap.  Additionally,  the  overall 
assembly  has  many  parts  that  require  careful  fitting, 

so  sothatthe  interface  is  expensive  to  assemble  and  not 
readily  adaptable  to  preexisting  probe  systems.  Fur- 
thermore,  because  the  strap  is  permanently  connect- 
ed  at  each  of  its  ends  to  a  respective  probe,  both 
probes  must  be  repositioned  wheneverthere  is  a  vert- 

55  ical  or  Z-axis  movement  by  one  of  the  probes.  Finally, 
the  wound  portion  of  the  strap  and  its  bulky  enclosure 
obscures  the  view  that  looks  directly  down  at  the 
probes  so  that  during  close-in  probing,  it  is  often  im- 
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possible  to  confirm  the  precise  position  of  the  tip  of 
the  signal  probe. 

Accordingly,  an  object  of  the  present  invention  is 
to  provide  an  improved  return  line  system  for  high  fre- 
quency  probe  stations. 

A  related  object  of  the  present  invention  is  to  pro- 
vide,  at  least  in  preferred  embodiments  thereof,  a  re- 
turn  line  which  has  minimal  sensitivity  to  noise  that 
occurs  outside  the  immediate  probing  vicinity  yet 
which  is  cost-effective  to  produce. 

Another  related  object  of  the  present  invention  is 
to  provide  at  least  in  preferred  embodiments  thereof, 
a  return  line  in  which  a  signal  probe  and  ground  probe 
are  reliably  connected  electrically  yet  excessive  X-Y 
plane  separation  between  the  probes  will  not  result  in 
damage  to  the  probes  or  the  device  under  test. 

Still  another  related  object  of  the  present  inven- 
tion  is  to  provide,  at  least  in  preferred  embodiments 
thereof,  a  return  line  which  makes  possible  replace- 
ment  of  worn  signal  or  ground  probe  tips  without  re- 
placement  of  the  entire  probe  head  assembly  includ- 
ing  the  X-Y-Z  positioners. 

Yet  another  related  object  of  the  present  inven- 
tion  is  to  provide,  at  least  in  preferred  embodiments 
thereof,  a  return  line  that  enables  the  signal  probe  tip 
to  be  lifted  overa  high-profile  componentand  brought 
back  down  to  a  new  measurement  site  without  the 
need  to  also  reposition  the  ground  probe. 

Yet  another  object  of  the  present  invention  is  to 
provide,  at  least  in  preferred  embodiments  thereof,  a 
return  line  that  enables  close-in  probing  even  when 
the  surface  of  the  device  is  cluttered  with  high-profile 
components. 

Yet  another  related  object  in  preferred  embodi- 
ments  of  the  present  invention  is  to  provide  a  return 
line  which  is  readily  adaptable  to  preexisting  systems. 

Yet  another  related  object  in  preferred  embodi- 
ments  of  the  present  invention  is  to  provide  a  return 
line  which  accommodates  quick  travel  by  the  signal 
probe  between  different  measurement  sites. 

Summary  of  the  Present  Invention 

To  achieve  the  above  objects,  in  a  first  aspect  of 
the  present  invention  there  may  be  provided  a  return 
line  assembly  having  a  sheet-like  conductive  strap 
which  electrically  interconnects  a  first  conductor  of  a 
first  probe  and  a  second  conductor  of  a  second  probe. 
This  strap  preferably  includes  a  substantially  flat  cen- 
tral  portion  and  further  includes  a  mechanism  for  au- 
tomatically  reducing  the  length  of  the  central  portion 
when  the  separation  between  the  first  probe  and  the 
second  probe  is  reduced.  Because  the  length  of  the 
central  portion  is  automatically  adjusted  when  the 
probes  are  moved  together  for  close-in  probing,  there 
is  no  longer  any  unused  portion  of  the  strap  that  ex- 
tends  a  significant  distance  away  from  the  probing  vi- 
cinity  where  it  can  electrically  interact  with  remote 

components  or  physically  interfere  with  such  compo- 
nents  to  prevent  certain  close-in  probing  positions. 
Nor  is  the  travel  of  the  probes  closer  together  inter- 
rupted  by  the  need  to  wait  for  operator  adjustments 

5  to  the  return  line. 
A  second  aspect  of  the  invention  that  may  be  re- 

alised  in  at  least  preferred  embodiments  thereof  pro- 
vides  a  return  line  having  a  sheet-like  conductive 
strap  where  the  strap  includes  a  mechanism  for  auto- 

10  matically  detaching  the  strap  from  one  or  the  other  of 
the  probes  when  the  separation  between  the  probes 
exceeds  a  predetermined  maximum  probe  distance. 
This  ensures  that  overtravel  between  the  probes  will 
not  result  in  damage  to  the  probes  orthe  device  under 

15  test. 
Athird  aspect  of  the  invention  at  least  in  preferred 

embodiments  thereof  involves  a  method  for  making  a 
return  line  assembly  which  includes  providing  a 
sheet-like  conductive  strap  having  a  first  end  and  a 

20  self-coiling  second  end.  The  first  end  of  the  strap  is 
electrically  connected  to  a  first  conductor  of  a  first 
probe  and  the  second  end  is  electrically  connected  to 
a  second  conductor  of  a  second  probe  so  as  to  estab- 
lish  an  automatically  detachable  connection  between 

25  the  second  end  and  the  second  conductor.  For  exam- 
ple,  in  accordance  with  one  preferred  technique,  the 
second  probe  includes  a  sharpened  tip  which  is  in- 
serted  centrally  within  the  second  end  while  the  sec- 
ond  end  is  in  its  coiled  position.  This  results  in  a  return 

30  line  connection  which  is  not  only  safer  if  probe  over- 
travel  occurs  but  is  also  convenient,  inexpensive  to 
produce,  and  easy  to  adapt  to  preexisting  probe  sys- 
tems. 

A  fourth  aspect  in  preferred  embodiments  of  the 
35  invention  involves  a  return  line  assembly  having  a 

sheet-like  conductive  strap  where  the  strap  includes 
a  substantially  flat  central  portion  and  a  self-coiling 
end  portion.  This  aspect  can  desirably  be  combined 
with  a  spindle,  where  the  spindle  has  a  main  body 

40  configured  to  engage  a  respective  one  of  the  probes 
and  a  post  member  projecting  from  the  main  body  for 
receiving  the  self-coiling  end  portion  of  the  strap  in  a 
coiled  position  about  the  post  member.  The  spindle 
facilitates  reattachment  of  the  strap  between  the 

45  probes  without  repositioning  of  either  probe.  Addition- 
al  features  of  the  spindle,  which  are  further  described 
below,  enable  better  tip  visibility  and  more  reliable 
electrical  connection  during  close-in  probing  as  well 
as  a  greater  range  of  independent  probe  movement 

so  along  the  Z-axis. 
A  fifth  aspect  of  the  invention  involves  a  process 

for  making  the  sheet-like  conductive  strap  which  in- 
cludes  providing  a  substrate,  forming  a  first  interface 
by  depositing  a  first  layer  of  a  first  material  on  the  sub- 

55  strate  using  a  thin  film  process,  forming  a  second  in- 
terface  by  depositing  a  second  layer  of  a  second  ma- 
terial  on  the  first  material,  and  overcoming  the  forces 
of  adhesion  acting  along  the  first  interface  so  that  the 

3 
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first  and  second  materials  are  removed  from  the  sub- 
strate  with  the  second  interface  intact.  This  process 
facilitates  the  manufacture  of  straps  which  have  par- 
ticularly  well-defined  and  uniform  physical  character- 
istics. 

Brief  Description  of  the  Drawings: 

FIG.  1  is  a  side  elevational  view  showing  a  pre- 
ferred  embodiment  of  the  return  line  assembly,  in  ac- 
cordance  with  the  present  invention,  before  connec- 
tion  of  the  ground  probe  in  the  assembly. 

FIG.  2  is  a  plan  view  looking  along  lines  2-2  in 
FIG.  1  after  connection  of  the  ground  probe  in  the  as- 
sembly. 

FIG.  3(a)  is  a  view  partially  in  section  taken  along 
lines  3(a)-3(a)  in  FIG.  1  revealing  details  of  the  tip 
construction  of  the  signal  probe. 

FIG.  3(b)  is  a  sectional  view  taken  along  lines 
3(b)-3(b)  in  FIG.  3(a)  revealing  further  details  of  the 
tip  construction. 

FIG.4issimilartoFIG.  1  but  shows  the  return  line 
assembly  after  repositioning  of  the  probes  has  occur- 
red  and  further  illustrates,  in  dashed-line  view,  a  high- 
profile  component  rising  above  the  measurement 
plane. 

FIG.  5  is  a  plan  view  showing  the  return  line  as- 
sembly  of  FIG.  4  as  seen  by  an  observer  looking  down 
on  the  assembly  after  the  signal  probe  has  been  shift- 
ed  to  the  left. 

FIG.  6  is  a  side  elevational  view  of  a  second  pre- 
ferred  embodiment  of  the  return  line  assembly  before 
connection  of  the  ground  probe  in  the  assembly. 

FIG.  7  is  a  plan  view  taken  along  lines  7-7  in  FIG. 
6  after  connection  of  the  ground  probe. 

FIG.  8  is  similar  to  FIG.  6  but  shows  the  assembly 
after  connection  of  the  ground  probe  and  after  rota- 
tion  of  a  spindle  that  pulls  the  strap  of  the  invention 
against  the  signal  probe. 

FIG.  9  is  primarily  a  plan  view  taken  along  lines 
9-9  in  FIG.  8  where  the  spindle  and  ground  probes  are 
shown  in  cut-away  and  sectional  view,  respectively,  to 
reveal  a  connection  detail  and  where  alternative  pos- 
itions  of  these  same  components  are  indicated  in 
dashed  lines. 

FIGS.  10(a)  -10(e)  show  a  preferred  process,  in 
accordance  with  the  present  invention,  for  making  the 
sheet-like  conductive  strap. 

FIG.  1  0(a)  is  a  transverse  sectional  view  showing 
the  upper  portion  of  a  substrate  after  it  has  been  pre- 
heated  and  after  metallic  layers  have  been  sputter  de- 
posited  on  the  upper  portion  in  accordance  with  the 
preferred  process. 

FIG.  10(b)  shows  in  sectional  view  a  fragment  of 
the  intermediate  composite  shown  in  FIG.  10(a) 
where  the  fragment  has  been  selected  to  show  how 
an  individual  strap  is  made  and  where  additional  pho- 
todef  ining  and  etching  procedures  have  been  carried 

out  in  accordance  with  the  preferred  process. 
FIG.  1  0(c)  is  similar  to  FIG.  1  0(b)  except  showing 

a  subsequent  plating  procedure  in  accordance  with 
the  preferred  process. 

5  FIG.  1  0(d)  is  similar  to  FIG.  1  0(c)  except  showing 
a  subsequent  etchback  procedure  used  to  form  the 
strap  in  accordance  with  the  preferred  method. 

FIG.  10(e)  is  a  side  elevational  view  illustrating  a 
preferred  technique  for  removing  the  strap  from  the 

10  substrate,  where  the  position  of  self-coiling  strap  is 
shown  just  before  and  just  after  the  start  of  removal 
in  dashed-line  and  solid-line  view,  respectively. 

Description  of  the  Preferred  Embodiments: 
15 

FIG.  4  shows  a  preferred  embodiment  of  a  return 
line  assembly  20  constructed  in  accordance  with  the 
present  invention.  The  assembly  includes  a  signal 
probe  22  which  is  electrically  connected  to  a  ground 

20  probe  24  by  a  sheet-like  conductive  strap  25.  The 
strap  and  the  ground  probe  provide  a  convenient  re- 
turn  path  for  the  signal  probe  so  that  the  signal  probe 
can  be  returned,  for  example,  to  a  respective  ground 
site  26a  which  is  set  off  from  the  particular  measure- 

25  ment  site  27a  that  the  signal  probe  is  measuring.  The 
ground  site  26a  and  measurement  site  27a  may  be 
pads  or  traces  that  are  bonded,  for  example,  to  the 
top  surface  or  measurement  plane  28  of  a  board  or 
wafer,  as  represented  in  the  drawings  by  a  dashed 

30  line.  The  signal  and  ground  probes  are  mounted  from 
above,  each  preferably  on  an  X-Y-Z  positioner  (not 
shown)  of  a  conventional  high-frequency  probe  sta- 
tion  in  order  to  permit  multidirectional  movement  of 
each  probe  to  other  sites. 

35  The  strap  25  includes  a  self-coiling  capability  that 
enhances  the  electrical  and  physical  operation  of  the 
assembly.  The  strap  and  the  operational  benefits 
which  its  use  confers  are  described  following  a  de- 
scription  of  the  other  components  in  the  return  line 

40  assembly.  Asecond  embodiment  of  the  return  line  as- 
sembly  is  then  described  followed,  finally,  by  a  de- 
tailed  description  of  a  preferred  process  for  making: 
the  strap. 

The  signal  probe  22  includes  an  elongate  cylindri- 
45  cal  portion  29,  a  tip  portion  30,  and  a  bent  end  portion 

32  that  is  formed  in  the  signal  probe  in  order  to  make 
the  tip  portion  more  visible  to  an  observer  looking 
down  on  the  probe.  The  cylindrical  portion  and  bent 
end  portion  are  formed  by  semi-rigid  cable  which  is 

so  nominally  of  .047  inch  outer  diameter.  Referring  also 
to  FIGS.  3(a)  and  3(b),  the  semi-rigid  cable  is  of  con- 
ventional  construction  and  includes  a  center  conduc- 
tor  34,  inner  dielectric  36  and  a  somewhat  stiff  but  still 
bendable  outer  conductive  cladding  38. 

55  Viewing  FIGS.  3(a)  and  3(b)  together,  the  tip  por- 
tion  30  of  the  signal  probe  22  comprises  a  microstrip 
transmission  line  in  which  a  signal  line  conductor  40 
and  a  ground  line  conductor  42  are  bonded  to  the  sur- 

4 
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face  of  an  alumina  or  other  dielectric  substrate  43, 
preferably  by  a  high-definition  photolithographic 
process.  The  signal  and  ground  line  conductors  are 
preferably  formed  of  a  high  conductivity  metal,  such 
as  gold.  At  the  end  where  they  come  into  contact  with 
the  device  surface,  preferably  each  line  conductor  40 
and  42  is  plated  with  a  hard  metal  44,  such  as  nickel, 
in  order  to  prevent  undue  wear.  In  order  to  increase 
the  output  impedance  of  the  probe,  a  resistive  layer 
45  is  also  formed  on  the  substrate  in-line  with  the  sig- 
nal  line  conductor  so  that  the  measurement  site  is  not 
unduly  loaded  by  the  probe.  Alternatively,  an  in-line 
active  network  can  be  mounted  on  the  substrate  43 
to  increase  the  tip  output  impedance. 

As  shown  in  FIG.  3(a),  a  portion  of  the  inner  di- 
electric  36  of  the  semirigid  coaxial  cable  is  removed 
from  the  bent  end  portion  32  to  create  a  well  41  .  The 
well  41  is  preferably  formed  by  preheating  the  semi- 
rigid  coaxial  cable  to  240°C  for  one  minute  so  that  the 
Teflon™  dielectric  36  extrudes  out  the  end  of  the 
cable,  after  which  the  cable  is  allowed  to  cool  and  the 
extruded  dielectric  trimmed  off.  Physical  pressure  on 
the  expanded  dielectric  at  the  end  then  suffices  to 
form  the  well.  The  substrate  43  is  then  inserted  inside 
the  well  and  the  signal  and  ground  line  conductors  40 
and  42  connected,  as  shown  in  FIG.  3(b),  to  the  center 
conductor  34  and  conductive  cladding  38  respective- 
ly,  such  as  by  reflow  solder  47.  This  construction  pro- 
vides  the  signal  probe  22  with  a  controlled  impedance 
along  its  entire  extent  despite  transformation  from  a 
coaxial  structure  to  a  microstrip  structure. 

The  ground  probe  24,  like  the  signal  probe  22, 
also  has  an  elongate  cylindrical  portion  46  and  further 
includes  a  sharpened  needle-like  tip  48.  The  ground 
probe  is  conventionally  formed  of  a  hard  conductive 
metal,  and  the  outer  surface  50  of  the  probe  prefer- 
ably  includes  a  thin  plated  layer  of  highly  conductive 
material  such  as  gold. 

Referring  to  FIG.  4,  the  sheet-like  conductive 
strap  25  includes  a  first  end  portion  52  and  a  self- 
coiling  second  end  portion  54.  Except  when  the  sec- 
ond  end  portion  is  in  its  initial  or  fully-coiled  position 
55  (FIG.  1),  the  strap  further  includes  an  extended  or 
substantially  flat  central  portion  56  located  between 
the  first  and  second  end  portions.  In  the  first  prefer- 
red  embodiment  20  of  the  assembly  shown  in  FIGS. 
1-5,  the  first  end  portion  52  of  the  strap  is  electrically 
connected  to  the  conductive  cladding  38  of  the  signal 
probe  by  a  permanent  bonding  agent,  such  as  silver 
epoxy  58,  so  that  an  unbreakable  or  infrangible  con- 
nection  is  established  between  the  first  end  portion 
and  the  signal  probe  22.  On  the  other  hand,  an  auto- 
matically  detachable  connection  is  formed  between 
the  self-coiling  second  end  portion  54  of  the  strap  and 
the  ground  probe  24. 

Referring  to  FIG.  1  ,  the  automatically  detachable 
connection  is  preferably  made  by  moving  the  ground 
probe  24  toward  the  strap  25  in  the  direction-of-at- 

tachment  60  that  is  shown  while  the  second  end  por- 
tion  54  of  the  strap  is  in  its  initial  or  fully-coiled  position 
55  so  that  the  sharpened  tip  48  of  the  probe  is  insert- 
ed  centrally  within  the  second  end  portion  of  the 

5  strap.  This  procedure  enables  electrical  connection  to 
be  made  by  probe  movement  alone. 

FIG.  2  shows  how  the  cylindrical  portion  46  of  the 
ground  probe  rides  connectably  against  the  inside 
coil  or  turn  64  of  the  self-coiling  second  end  portion 

10  after  the  tip  48  of  the  ground  probe  has  been  lowered 
to  the  same  measurement  plane  28  as  the  tip  30  of 
the  signal  probe.  As  shown  in  FIG.  4,  if  the  ground 
probe  and  signal  probe  are  now  moved  away  from 
each  other  in  order  to  probe  a  particular  ground  site 

15  26a  and  measurement  site  27a,  respectively,  the  self- 
coiling  second  end  portion  is  now  moved  to  an  ex- 
tended  position,  that  is,  to  a  position  in  which  the  strap 
includes  the  substantially  flat  central  portion  56.  In 
this  operative  position,  the  ground  line  conductor  42 

20  (FIG.  3)  of  the  signal  probe  is  returned  or  tied  to  the 
reference  potential  of  the  ground  site  26a  via  the  con- 
tinuous  electrical  path  through  the  ground  probe  24, 
the  strap  25,  the  silver  epoxy  58,  and  the  conductive 
cladding  38. 

25  From  the  foregoing  description,  it  will  be  recog- 
nized  that  the  preferred  embodiment  20  of  the  return 
line  assembly  that  is  shown  in  FIGS.  1-5  has  few 
parts  and  that  these  are  easily  assembled  and  is, 
moreover,  readily  adaptable  to  preexisting  probe  set- 

30  ups  since  the  self-coiling  strap  25  can  be  used  with- 
out  special  modification  being  made  to  the  probes  of 
these  other  setups.  At  the  same  time,  the  assembly 
performs  well  electrically  in  the  sense  of  having  mini- 
mal  sensitivity  to  noise. 

35  For  example,  with  reference  to  FIG.  4,  if  the  sep- 
aration  between  the  signal  probe  22  and  the  ground 
probe  24  is  reduced  in  order  to  bring  the  tip  30  of  the 
signal  probe  to  a  new  second  measurement  site  27b 
which  is  closer  to  the  ground  site  26a,  the  original 

40  length  76  of  the  flat  central  portion  56  of  the  strap  is 
automatically  reduced  to  a  new  second  length  78 
which  is  about  equal  to  the  spacing  between  the  sec- 
ond  measurement  site  and  the  ground  site.  Accord- 
ingly,  if  a  noisy  component  80  is  mounted  on  the  de- 

45  vice  but  is  located  in  a  position  that  is  neither  near  nor 
between  the  second  measurement  site  and  the 
ground  site,  the  reduced  second  length  of  the  central 
portion  affords  little  opportunity  for  the  noise  emitted 
by  this  component  to  electro-magnetically  couple  into 

so  the  strap.  If,  on  the  other  hand,  the  flat  central  portion 
56  were  to  retain  its  original  length  76,  despite  move- 
ment  of  the  probes  closer  together,  the  resulting  prox- 
imity  of  this  central  portion  to  the  noisy  component 
would  significantly  increase  the  risk  of  electromag- 

55  netic  interaction  occurring  between  the  component 
and  the  strap.  Because  the  majority  of  probe  meas- 
urements  are  made  close-in,  with  the  probe  tips  near 
each  other,  in  most  cases  the  length-adjusting  fea- 

5 
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ture  of  the  strap  limits  the  noise  on  the  strap  to  ac- 
ceptably  small  levels  even  in  very  noisy  environ- 
ments. 

Because  the  length  76  of  the  strap  25  is  reduced 
or  increased  automatically  in  accordance  with  the  di- 
rection  of  relative  movement  between  the  probes,  re- 
positioning  of  the  probes  between  each  individual 
measurement  can  be  accomplished  quickly.  This,  in 
turn,  shortens  the  period  of  time  that  is  needed  to  test 
a  particular  device.  For  example,  referring  to  FIG.  4, 
regardless  of  how  far  the  tip  30  of  the  signal  probe  22 
needs  to  travel  in  order  to  move  from  the  first  meas- 
urement  site  27a  to  the  second  measurement  site 
27b,  by  the  time  this  tip  reaches  the  second  measure- 
ment  site,  the  original  length  76  of  the  central  portion 
of  the  strap  will  have  already  been  reduced  corre- 
spondingly.  This  proportional  tracking  feature  is  not 
available,  by  comparison,  in  a  manual  rewind  type  of 
interface  where  larger  shifts  in  probe  position  trans- 
late  into  more  time  needed  to  rewind  the  excess  por- 
tion  of  the  strap. 

The  component  80,  which  is  represented  in  dash- 
ed  lines  in  FIG.  4,  also  has  a  relatively  high  prof  ile  that 
extends  well  above  the  measurement  plane  28  of  the 
device.  If,  for  some  reason,  the  tip  30  of  the  signal 
probe  cannot  be  moved  around  the  sides  of  this  com- 
ponent  in  order  to  reach  the  second  measurement 
site  27b  because,  for  example,  other  components  are 
in  the  way,  it  is  then  necessary  to  use  a  vertical  move- 
ment  of  the  signal  probe  to  lift  the  probe  over  the  com- 
ponent.  The  preferred  embodiment  20  allows  this 
vertical  movement  to  occur  without  also  requiring  that 
the  ground  probe  24  be  lifted  because  the  self-coiling 
second  end  portion  54  of  the  strap  is  slidably  movable 
in  the  vertical  or  Z-axis  direction  82  across  the  elon- 
gate  cylindrical  portion  46  of  the  ground  probe  while 
maintaining  its  connection  to  the  ground  probe.  Ac- 
cordingly,  there  is  no  need  to  spend  additional  time  re- 
positioning  the  tip  of  the  ground  probe  each  time  the 
signal  probe  is  vertically  repositioned. 

Referring  to  FIGS.  4  and  5  together,  if  the  station 
operator  attempts  to  move  the  signal  probe  22  to  a 
third  measurement  site  27c  so  that  the  spacing  be- 
tween  the  signal  and  ground  probes  22  and  24  now 
exceeds  a  predetermined  maximum  probe  distance 
86,  which  is  indicated  in  FIG.  5,  the  self-coiling  sec- 
ond  end  portion  54  of  the  strap  will  automatically  de- 
tach  from  the  ground  probe  and  resume  its  initial  or 
fully-coiled  position  55  as  shown  in  FIG.  1.  This  pre- 
vents  breakage  of  the  ground  probe  or,  alternatively, 
prevents  the  sharpened  tip  48  of  the  ground  probe 
from  being  dragged  by  the  strap  across  the  surface 
of  the  device,  which  action  could  otherwise  scratch  or 
damage  the  particular  surface  elements  on  the  de- 
vice. 

Referring  to  FIGS.  6-9,  a  second  preferred  em- 
bodiment  100  of  the  return  line  assembly  is  shown.  As 
between  FIGS.  6-9  and  FIGS.  1-5,  like  reference  nu- 

merals  have  been  used  to  refer  to  like  elements.  In 
this  second  preferred  embodiment  100,  the  first  end 
portion  52  of  the  strap  is  now  connected  by  silver 
epoxy  58  to  the  ground  probe  24,  rather  than  to  the 

5  outer  cladding  38  of  the  signal  probe,  and  the  self- 
coiling  second  end  portion  54  of  the  strap  is  now  re- 
ceived  on  a  U-shaped  post  member  102  which  is  part 
of  a  spindle  104  that  now  engages  the  signal  probe. 

The  spindle  104  has  three  distinct  portions  in- 
10  eluding  a  handle  portion  106,  a  main  body  portion 

108,  and  the  U-shaped  post  member  102.  The  main 
body  is  configured  as  a  series  of  spirally-wound  coils 
which  have  an  inner  diameter  suitably  dimensioned 
for  frictionally  engaging  the  elongate  cylindrical  por- 

15  tion  29  of  the  signal  probe.  The  U-shaped  post  mem- 
ber  102  is  attached  to  the  main  body  so  that  when  the 
main  body  is  engaged  to  the  signal  probe,  an  inside 
leg  110  on  the  post  member  downwardly  extends  from 
the  main  body  toward  the  probe  tip  30,  and  an  oppo- 

20  site  outside  leg  112  on  the  post  member  upwardly  ex- 
tends  away  from  the  probe  tip  back  toward  the  main 
body.  In  other  words,  the  post  member  extends  pri- 
marily  off  to  one  end  of  the  main  body  as  depicted. 
The  outside  leg  112  of  the  post  member  is  pin-like  in 

25  shape  in  order  to  facilitate  ready  insertion  of  this  leg 
centrally  within  the  respective  coils  of  the  second  end 
54  of  the  strap  when  the  ground  probe  24  is  moved 
along  the  direction-of-attachment  60.  Preferably,  the 
different  portions  of  the  spindle  104  are  formed  by 

30  the  respective  sections  of  a  single  piece  of  stiff  con- 
ductive  wire. 

It  will  be  recognized  from  the  above  description 
that  many  of  the  advantages  associated  with  the  first 
preferred  embodiment  20  of  the  return  line  are  like- 

35  wise  achieved  with  the  second  embodiment  1  00.  For 
example,  as  with  the  first  embodiment,  the  self- 
coiling  capability  of  the  strap  25  in  the  second  em- 
bodiment  minimizes  strap  length  and  spurious  noise 
pick-up,  enables  automatic  detachment  of  the  strap 

40  when  overtravel  between  the  probes  occurs,  and  per- 
mits  quick  probe  repositioning  between  measure- 
ments. 

With  regard  to  the  capability  for  independent 
vertical  probe  movement,  this  feature  is  further  en- 

45  hanced  in  the  second  embodiment  due  to  the  spindle 
104.  In  particular,  referring  to  FIG.  6,  the  main  body 
1  08  of  the  spindle  only  engages  the  elongate  cylindri- 
cal  portion  29  of  the  signal  probe  frictionally,  so  that 
it  is  possible  to  vary  the  position  of  the  post  member 

so  1  02  along  the  vertical  axis  82  in  a  direction  either  to- 
ward  or  away  from  the  measurement  plane  28.  Re- 
gardless,  then,  of  which  probe,  signal  or  ground,  is 
being  moved  independently  vertically,  it  is  possible  to 
keep  the  strap  25  attached  once  it  is  initially  connect- 

55  ed  by  making  corresponding  shifts  in  the  vertical  pos- 
ition  of  the  post  member.  With  the  first  embodiment 
20,  however,  as  seen  most  clearly  in  FIG.  4,  if  vertical 
repositioning  of  the  ground  probe  24  (as  opposed  to 

6 
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the  signal  probe  22)  is  attempted,  there  is  a  possibility 
that  the  self-coiling  second  end  portion  54  of  the 
strap  will  slip  off  the  lifted  tip  of  the  ground  probe.  Re- 
ferring  to  FIG.  6,  the  possibility  of  strap  slip-off  is  fur- 
ther  reduced  in  the  second  embodiment  100  by  the 
extension  of  the  pin-like  outside  leg  112  of  the  post 
member  away  from  the  tip  30  of  the  signal  probe. 

The  spindle  104  is  also  useful  for  improving  tip 
visibility  during  close-in  probing.  Comparing  FIGS.  6 
and  8,  the  frictional  engagement  between  the  main 
body  1  08  of  the  spindle  and  the  outer  cladding  38  of 
the  signal  probe  22  allows  the  spindle  to  be  rotated 
by  its  handle  portion  106  about  the  signal  probe.  Dur- 
ing  such  rotation,  the  self-coiling  second  end  portion 
54  of  the  strap  is  carried  toward  a  far  side  1  14  of  the 
signal  probe  which  is  located  opposite  to  that  side  116 
which  faces  the  ground  probe.  FIGS.  7  and  9,  which 
correspond  to  FIGS.  6  and  8,  show  the  alternate 
views  that  result  as  seen  by  an  observer  who  is  look- 
ing  down  at  the  probes  before  and  after,  respectively, 
the  spindle  has  been  rotated.  Typically  a  low-magni- 
fication  lens  (not  shown)  is  used  by  the  observer  to 
view  the  setup  to  ensure  that  each  probe  tip  is  accu- 
rately  positioned.  The  movement  of  the  self-coiling 
second  end  portion  54  to  the  far  side  114  of  the  signal 
probe  affords  the  observer  a  better  view  (FIG.  9)  of 
the  signal  probe  tip  30  than  that  view  (FIG.  7)  which 
is  obtained  when  the  self-coiling  second  end  portion 
is  to  the  nearside  116  of  the  signal  probe,  particular- 
ly,  as  shown,  during  close-in  probing  where  the  nu- 
merous  coils  of  the  second  end  can  completely  hide 
the  signal  probe  tip  from  view. 

The  spindle  104  not  only  improves  tip  visibility 
during  close-in  probing  but  also  increases,  during 
such  probing,  the  reliability  of  the  electrical  intercon- 
nection  made.  Referring  to  FIG.  7,  it  will  be  recog- 
nized  that  the  outer  diameter  of  the  pin-like  outside 
leg  112ofthe  post  member  is  somewhat  smaller  than 
the  inside  diameter  of  the  inside  coil  or  turn  64  of  the 
second  end  portion  of  the  strap.  While  this  facilitates 
initial  insertion  of  the  outside  leg  112  within  the  coils 
of  the  second  end,  it  also  makes  it  possible  for  the  out- 
side  leg  to  be  placed  in  a  position  during  close-in  prob- 
ing  where  it  does  not  actually  contact  the  inside  turn 
64  of  the  strap. 

To  overcome  this  problem,  the  spindle  104  of  the 
second  embodiment  100  is  rotated  during  close-in 
probing  to  the  position  shown  in  solid-view  in  FIGS.  8 
and  9.  This  not  only  causes  the  self-coiling  second 
end  portion  54ofthe  strap  to  be  shifted  to  the  far  side 
114  of  the  probe,  thereby  improving  visibility,  but  also 
causes  the  central  portion  56  of  the  strap  to  draw 
across  and  bear  against  the  conductive  cladding  38 
of  the  probe,  thereby  establishing  a  reliable  electrical 
connection  118  with  the  signal  probe.  Because  the  U- 
shaped  post  member  102  is  off  to  one  end  of  the  main 
body  108  of  the  spindle,  this  connection  occurs,  as 
shown  in  FIG.  8,  clear  of  the  main  body.  As  indicated 

in  FIG.  9,  the  self-coiling  characteristic  of  the  second 
end  portion  54  keeps  the  flat  central  portion  56  of  the 
strap  in  moderate  traction,  thereby  increasing  the 
connection  force. 

5  As  shown  in  dashed-line  view  in  FIG.  9,  even 
when  the  position  of  the  ground  probe  24'  is  no  longer 
in-line  with  the  tip  30  of  the  signal  probe,  it  is  still  pos- 
sible  to  move  the  spindle  104'  to  a  position  that  will 
enhance  the  reliability  of  the  electrical  connection 

10  made.  That  is,  reliable  electrical  connection  during 
close-in  probing  is  an  advantage  offered  by  the  spin- 
dle  regardless  of  the  angular  orientation  between  the 
signal  probe  and  the  ground  probe. 

The  first  preferred  embodiment  20  of  the  return 
15  line  assembly,  which  is  shown  in  FIGS.  1-5,  and  the 

second  preferred  embodiment  100  of  the  assembly, 
which  is  shown  in  FIGS.  6-9,  both  use  a  sheet-like 
conductive  strap  26  having  a  self-coiling  second  end 
portion  54.  A  preferred  process  for  making  the  sheet- 

20  like  strap,  which  takes  advantage  of  thin  film  technol- 
ogy,  is  shown  in  FIGS.  10(a)-10(e). 

Referring  to  FIG.  10(a),  the  first  step  in  the  pre- 
ferred  process  is  providing  a  substrate  120  that  has 
an  ultrasmooth  surface  122  and  a  relatively  low  coef- 

25  ficient  of  thermal  expansion  (e.g.,  averaging  less 
than  50  X  1  0"7/°C  over  a  temperature  range  of  0°C  to 
550°C).  The  term  "ultrasmooth"  is  used  herein  to  in- 
dicate  that  the  peak-to-valley  roughness  variations  in 
the  surface  are  a  small  fraction  of  the  thickness  of  the 

30  thin  film  layers  that  are  subsequently  applied  to  the 
surface.  A  suitable  material  for  the  substrate  is  20  mil 
thick  barium  borosilicate  glass  that  has  been  drawn 
into  sheets  of  finished  thickness  and  that  obtains  its 
smooth  final  finish  directly  from  the  molten  glass.  A 

35  commercially  available  glass  of  this  type  is  made  by 
Corning  Glass  Works  based  in  Corning,  New  York 
and  sold  under  the  manufacturer's  designation 
"Sheet  Glass  7059." 

The  glass  substrate  is  preheated  on  a  pallet  for  a 
40  minimum  of  one  hour  at  1  00°C  after  which  it  is  imme- 

diately  introduced  into  the  sputtering  processing  sys- 
tem  (not  shown)  where  deposition  of  succeeding  lay- 
ers  occurs.  Inside  the  sputtering  processing  system, 
additional  heat  is  applied  to  the  glass  substrate  under 

45  a  chamber  vacuum  of  below  1  0"7  torr  in  order  to  raise 
the  temperature  of  the  substrate  to  about  500°C.  Re- 
ferring  to  FIG.  1  0(a),  as  well  as  to  FIG.  1  0(e)  showing 
a  later  step  in  the  process,  this  causes  the  glass  sub- 
strate  to  develop  a  bowed  curvature  so  that  the  mid- 

50  die  portion  124  of  the  substrate  bulges  slightly  in  a 
convex  direction  outwardly  away  from  the  end  por- 
tions  126  of  the  substrate.  Following  this  heat  treat- 
ment,  several  layers  of  alternately  different  metallic 
material  are  deposited  on  the  substrate  by  sputtering 

55  in  order  to  achieve  the  multilayered  intermediate 
composite  127  depicted  in  FIG.  10(a). 

As  is  well  known  to  those  of  ordinary  skill  in  sem- 
iconductor  fabrication  technology,  sputtering  is  a 

7 
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process  in  which  a  metal  target  is  bombarded  with 
positive  ions  so  that  individual  atoms  of  metal  are 
ejected  from  the  target  for  redeposit  on  the  substrate 
or  other  surface  desired.  This  process,  accordingly, 
can  be  used  to  deposit  so-called  "monolayers"  so  that 
metal  layers  of  small  but  very  well-controlled  thick- 
ness  can  be  made.  Taking  advantage  of  this  capabil- 
ity,  the  first  layer  128  which  is  deposited  on  the  sub- 
strate  is  gold  (Au)  having  a  thickness  within  the  range 
of  34A  to  48A  and  preferably  of  about  42A.  The  pur- 
pose  served  by  the  use  of  such  a  thin  layer  is  further 
clarified  below. 

Due  to  the  relative  molecular  nature  of  Au  and 
glass,  the  intermolecularforces  of  adhesion  which  act 
along  the  first  interface  130  between  the  Au  layer  128 
and  the  substrate  120  are  relatively  poor  when  com- 
pared  to  the  normal  values  that  are  traditionally 
sought  when  creating  a  thin  film  bond.  In  thin  film 
technology,  the  traditional  object  has  been  to  create 
strong  bonds  so  that  the  resulting  composite  will 
maintain  its  permanency  even  when  environmental 
conditions  become  severe.  Far  from  bonding  strongly 
to  its  underlying  substrate,  however,  the  Au  layer  128 
adheres  only  poorly  to  the  glass  substrate.  This  is  at- 
tributable,  on  a  molecular  level,  to  Au  being  inert  to 
the  oxides  in  glass. 

A  second  metallic  layer  132  of  titanium  tungsten 
(TiW)  is  next  deposited,  by  sputtering,  on  the  first  lay- 
er  128  so  as  to  form  a  second  interface  1  34.  This  alloy 
is  nominally  3%  to  20%  titanium  by  weight  (preferably 
5%),  where  the  remainder  is  tungsten,  and  is  depos- 
ited  so  that  the  thickness  of  the  second  layer  is  within 
the  range  of  1  .0  to  2.5  microns.  Within  this  range,  the 
particular  thickness  chosen  can  vary  so  as  to  meet 
the  needs  of  a  particular  application.  For  example,  to 
obtain  a  strap  having  a  large  self-coiling  bias  and  a 
small-diameter  inner  coil  for  use  with  hardened  but 
thin  probe  tip,  a  thickness  near  the  upper  end  of  the 
range  is  chosen. 

Due  to  the  molecular  character  of  the  TiW  alloy, 
the  intermolecular  forces  of  adhesion  that  act  along 
the  second  interface  134  are  relatively  large,  much 
larger,  for  example,  than  those  which  act  along  the 
first  interface  130.  This  is  consistent  with  the  objec- 
tive  of  creating  a  strong  permanent  bond  between  the 
first  and  second  layers.  At  the  same  time,  due  to  the 
respective  molecular  structures  of  TiW  and  glass,  as 
well  as  the  extreme  thinness  of  the  first  layer  128,  in- 
termolecularforces  of  adhesion  also  act  between  the 
second  layer  132  and  the  substrate  120.  That  is,  they 
act  across  the  first  layer  128.  These  interlayer  forces 
are  attributable,  on  a  molecular  level,  to  the  strong 
metallic  bond  between  the  TiW  and  the  gold  and  the 
strong  chemical  bond  between  the  TiW  and  the  oxy- 
gen  in  the  glass. 

In  addition  to  these  interlayer  forces,  strong  com- 
pressive  forces  act  internally  in  the  TiW  layer  132. 
These  compressive  forces  are  due,  in  part,  to  the 

sputtering  process,  which  achieves  a  very  fine- 
grained  and  uniform  structure  throughout  the  TiW 
layer  1  32.  They  are  also  due,  in  part,  to  the  thickness 
of  the  TiW  layer,  where  the  thicker  the  layer  the  larger 

5  the  cumulative  stresses.  Theyarefurtherdue,  in  part, 
to  the  degree  of  substrate  curvature  which  is  in- 
creased  by  preheating  the  glass  substrate  120. 

The  last  layers  which  are  deposited  by  the  sput- 
tering  process  are  a  third  layer  136  composed  of  Au 

10  having  a  nominal  thickness  of  800Aand  a  fourth  layer 
1  38  of  TiW  which  has  a  composition  chemically  equiv- 
alent  to  that  of  the  second  layer  132  and  which  has  a 
nominal  thickness  of  400A.  After  these  layers  are  de- 
posited,  the  intermediate  composite  127  is  removed 

15  from  the  sputtering  equipment  for  further  processing. 
The  cooling  occurring  in  the  substrate  after  its  remov- 
al  from  the  heated  sputtering  chamber  further  effects 
the  internal  compressive  forces  which  act  in  the  de- 
posited  metallic  layers  due  to  the  uneven  shrinkage 

20  of  the  substrate  and  the  layers  caused  by  their  differ- 
ent  coefficients  of  thermal  expansion. 

FIGS.  10(b)-10(d)  show,  in  section,  a  fragment 
139  of  the  intermediate  composite  127  shown  in  FIG. 
10(a)  where,  for  clarity  of  illustration,  the  fragment 

25  has  been  selected  in  order  to  show  additional  steps 
of  the  preferred  process  as  they  relate  to  forming  a 
single  strap.  The  larger  piece  shown  in  FIG.  10  will,  of 
course,  allow  the  bulk  processing  of  a  number  of 
straps  at  once,  but  the  process,  as  it  pertains  to  each 

30  strap,  is  the  same.  It  is  further  noted  here  that  the  di- 
mensional  relationships,  where  they  are  critical,  are 
specified  in  the  text,  and  it  can  in  no  way  be  assumed 
in  FIGS.  10(a)-10(e)  that  each  element  has  been 
drawn  to  its  correct  relative  scale. 

35  Referring  to  FIG.  10(b),  the  area  in  which  the 
strap  is  formed  is  indicated  by  reference  numeral  140, 
while  the  outlying  areas  are  indicated  by  reference 
numeral  142.  As  indicated  in  the  figure,  a  convention- 
al  photoresist  layer  144  is  deposited,  preferably  by  a 

40  photolithographic  process,  on  the  fourth  layer  138  in 
order  to  mask  the  outlying  areas  142.  Next,  the  TiW 
layer  138  is  etched  away  from  the  selected  area  140 
using  a  conventional  etching  agent  such  as  hydrogen 
peroxide. 

45  After  the  initial  etching  step  above,  desirably  a 
plating  step  is  performed.  Referring  to  FIG.  10(c), 
that  portion  of  the  Au  third  layer  1  36  which  is  left  ex- 
posed  in  the  selected  area  140  after  the  etching  step 
is  now  plated  with  a  fifth  layer  146  that  is  composed 

so  of  nickel  having  a  thickness  within  the  range  of  1  .0  to 
2.5  microns.  Next,  the  nickel  layer  is  plated  with  a 
sixth  layer  138  composed  of  Au  and  having  a  thick- 
ness  within  the  range  of  .7  to  1  .0  microns. 

Referring  to  FIG.  10(d),  the  next  step  in  the  pre- 
ss  ferred  process  of  making  the  strap  is  to  etch  away  all 

the  material  above  the  substrate  120  which  lies  out- 
side  of  the-selected  area  140.  For  example,  referring 
also  to  FIG.  10(c),  the  photoresist  layer  144  can  bere- 

8 



15 EP  0  578  375  A2 16 

moved  with  acetone,  the  outside  portions  of  the  first 
and  third  layers  128  and  136  of  Au  can  be  etched 
away  with  potassium  iodide,  and  the  outside  portions 
of  t  he  second  TiW  layer  1  32  can  be  etched  away  wit  h 
hydrogen  peroxide.  The  final  composite  which  is  left  5 
defines  a  completely  formed  strap  150. 

Referring  to  FIG.  10(e),  the  final  processing  step 
is  to  dislodge  each  completely  formed  strap  1  50  from 
the  substrate  120  on  which  it  was  made.  Desirably 
this  is  done  before  a  considerable  time  has  elapsed  10 
in  order  to  prevent  undue  stress  relief  from  occurring 
in  the  metallic  layers  which  have  been  formed.  In  FIG. 
10(e),  the  position  of  the  completed  strap  just  before 
dislodgment  is  indicated  in  dashed-line  view  while  a 
position  of  the  completed  strap  just  after  dislodgment  15 
is  indicated  in  solid-line  view. 

To  begin  strap  removal,  a  sharpened  edge  152, 
such  as  that  of  a  razor  blade,  is  inserted  between  the 
first  layer  128  (FIG.  10(d))  and  the  substrate  120  so 
as  to  mechanically  introduce  a  position  of  discontinu-  20 
ity  in  the  first  interface  130.  If  the  foregoing  steps  of 
the  process  have  each  been  properly  carried  out,  this 
has  the  effect  of  initiating  a  self-continuing  mechani- 
cal  reaction  or  cycle  in  which  the  self-coiling  bias  of 
the  completely  formed  strap  pulls  the  strap  away  from  25 
the  position  of  discontinuity  and  thereby  produces  a 
second  position  of  discontinuity  immediately  adjacent 
to  and  replacing  the  first.  This  reaction  sequence  suc- 
cessively  repeats  itself  until  the  position  of  discontinu- 
ity  reaches  the  extreme  end  1  54  of  the  strap,  where-  30 
upon  the  strap  is  fully  released.  In  effect,  after  a  small 
amount  of  initial  assistance,  the  titanium  second  layer 
1  32,  by  means  of  the  strong  compressive  forces  act- 
ing  in  that  layer,  strips  itself  and  each  of  the  other  re- 
maining  layers  from  the  substrate,  while  each  of  35 
these  layers  (including  the  first  layer)  and  all  but  the 
first  interface  are  kept  intact. 

If  the  layers  of  the  strap  are  to  be  chosen  from  dif- 
ferent  materials  and  in  different  thicknesses  than 
those  which  have  now  been  specified  for  the  prefer-  40 
red  process,  certain  underlying  requirements  can  be 
used  to  formulate  guidelines  for  making  these 
choices.  Referring  to  FIG.  10(d),  the  first  of  these  re- 
late  to  the  thickness  of  the  first  layer  128.  On  the  one 
hand,  it  is  desirable  to  keep  this  thickness  to  a  mini-  45 
mum  so  that  the  various  layers  will  maintain  their  pos- 
ition  on  the  substrate  120  during  processing  until  the 
completely  formed  strap  150  is  ready  to  be  removed. 
Minimizing  the  thickness  of  the  first  layer  128  in- 
creasingly  permits  the  potentially  large  forces  of  ad-  50 
hesion  which  act  between  the  second  layer  132  and 
the  substrate  120  to  supplement  the  relatively  weak 
forces  of  adhesion  which  act  between  the  first  layer 
128  and  the  substrate.  On  the  other  hand,  it  is  impor- 
tant  that  the  thickness  of  the  first  layer  not  be  made  55 
too  thin  or  else  the  self-coiling  bias  of  the  strap  will  not 
be  sufficient  to  pull  the  strap  away  from  the  substrate. 
The  appropriate  thickness  for  the  first  layer  depends 

on  a  satisfactory  resolution  of  these  competing  re- 
quirements  for  the  particular  choice  of  material  made. 

Referring  to  FIG.  10(d),  another  set  of  guidelines 
can  be  formulated  for  choosing  the  thickness  of  the 
second  layer  132.  This  thickness,  the  type  of  metal 
used  for  the  layer,  and  the  degree  of  curvature  in- 
duced  in  the  surfaces  of  the  substrate  120  by  pre- 
heating,  will  cooperatively  determine  the  strength  of 
the  compressive  forces  that  act  internally  in  the  sec- 
ond  layer.  For  example,  if  TiW  is  used  in  accordance 
with  the  preferred  process,  then  the  thickerthe  layer, 
the  greater  will  be  these  compressive  forces.  More 
generally,  when  choosing  the  thickness  appropriate 
for  another  type  of  material,  the  following  competing 
objectives  should  be  kept  in  mind.  On  the  one  hand, 
the  compressive  forces  which  result  should  not  be  so 
high  that  they  cause  the  completed  strap  to  wrap  so 
tightly  on  itself  that  it  cannot  be  penetrated  by  a  probe. 
On  the  other  hand,  these  compressive  forces  should 
not  be  so  low  that  they  cannot  overcome  the  forces 
of  adhesion  which  act  along  the  first  interface  130. 
The  appropriate  thickness  for  the  second  layer  de- 
pends  on  a  satisfactory  resolution  of  these  competing 
requirements  forthe  particular  choice  of  second  layer 
material  made. 

Referring  to  FIGS.  10(d)  and  10(e)  together, 
when  the  sharpened  edge  152  is  inserted  so  as  to  in- 
troduce  a  position  of  discontinuity  in  the  first  interface 
130,  the  forces  of  adhesion  acting  between  the  sec- 
ond  layer  1  32  and  the  substrate  120  are  weakened  at 
that  position,  and  the  line-of-action  of  the  compres- 
sive  forces  that  act  in  the  second  layer  1  32  now  have 
a  component  that  pulls  the  first  layer  128,  second  lay- 
er  132,  and  succeeding  layers  away  from  the  sub- 
strate.  In  other  words,  after  the  initial  discontinuity, 
these  compressive  forces  overcome  the  forces  of  ad- 
hesion  that  normally  hold  the  first  interface  130  and 
substrate  120  together.  This  is  repeated  sequentially 
so  that  the  next  succeeding  position  of  the  interface 
is  dislocated  before  dislocation  occurs  to  any  other  re- 
maining  position  of  the  interface.  From  this,  the  close 
relationship  between  the  compressive  forces  and  the 
self-coiling  bias  of  the  strap  will  be  recognized.  The 
significance  of  the  sputtering  process  in  achieving  a 
uniform  distribution  of  compressive  forces  will  also  be 
recognized,  for  without  this  uniformity,  there  could  be 
certain  positions  along  the  interface  where  the  com- 
pressive  forces  would  be  too  weak  for  self-release  to 
occur. 

Referring  to  FIG.  10(d),  another  guideline  relates 
to  the  choice  of  the  substrate  120.  Ifthe  surface  of  the 
substrate  is  not  sufficiently  smooth,  not  only  will  there 
be  grain  displacements  and  stress  disparities  in  the 
layers  deposited  on  the  substrate,  but  there  will  also 
be  interference  with  the  self-releasing  behavior  de- 
scribed  above.  In  particular,  ifthe  substrate  surfaces 
are  excessively  rough,  peaks  on  the  substrate  sur- 
face  will  protrude  into  the  first  layer  128  (FIG.  10(d)) 
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thereby  pinning  the  first  layer  to  the  substrate.  Ac- 
cordingly,  a  substrate  of  minimal  surface  roughness 
should  be  chosen. 

Ot  her  combinations  of  materials  ot  her  t  han  t  hose 
which  have  been  described  can  be  used  for  the  vari- 
ous  layers.  For  example,  instead  of  a  TiW  second  lay- 
er  132,  an  Au  first  layer  128,  and  a  glass  substrate 
120,  it  is  possible  to  use  many  other  types  of  metals 
(e.g.,  chromium,  vanadium,  and  tungsten)  in  the  sec- 
ond  layer,  carbon  in  the  first  layer,  and  alumina  in  the 
substrate.  Just  as  Au  does  not  bond  well  to  an  oxide 
such  as  glass,  so  too  does  carbon  not  bond  well  to  an 
oxide  such  as  alumina.  Similarly,  the  strong  metallic 
bond  between  the  TiW  and  the  gold  and  the  strong 
chemical  bond  between  the  TiW  and  the  oxygen  in 
the  glass  have  their  counterpart  in  the  strong  met- 
al/carbon  bond  and  the  strong  metal/oxide  bond. 
However,  it  is  difficult  to  use  the  thickness  of  the  car- 
bon  layer  for  controlling  the  strength  of  the  metal/ox- 
ide  bond. 

Although  two  preferred  embodiments  of  the  re- 
turn  line  assembly  have  now  been  described,  as  well 
as  a  preferred  method  of  making  and  connecting  the 
self-coiling  strap  which  is  a  component  of  both  em- 
bodiments,  it  will  be  recognized  that  alternative  as- 
semblies  and  processes  are  possible  without  depart- 
ing  from  the  broader  principles  of  the  present  inven- 
tion.  For  example,  in  the  first  preferred  embodiment 
of  the  return  line  assembly,  it  is  possible  to  connect 
the  first  end  of  the  strap  directly  to  the  ground  line 
conductor  on  the  signal  probe  tip  rather  than  to  the 
probe's  outer  cladding.  In  the  second  embodiment  of 
the  return  line  assembly,  the  spindle  can  be  config- 
ured  for  mounting  on  the  ground  probe  instead  of  the 
signal  probe.  With  regard  to  the  method  of  fabricating 
the  self-coiling  strap,  by  using  a  physical  mask  during 
sputter  deposition,  it  is  possible  to  eliminate  the  pho- 
tolithographic  and  etching  steps. 

The  terms  and  expressions  which  have  been  em- 
ployed  in  the  foregoing  specification  are  used  therein 
as  terms  of  description  and  not  of  limitation,  and  there 
is  no  intention,  in  the  use  of  such  terms  and  expres- 
sions,  of  excluding  equivalents  of  the  features  shown 
and  described  or  portions  thereof,  it  being  recognized 
that  the  scope  of  the  invention  is  defined  and  limited 
only  by  the  claims  which  follow. 

Claims 

1.  A  return  line  assembly  for  a  high  frequency  probe 
device  comprising: 

(a)  a  first  probe  having  a  first  electrical  con- 
ductor; 
(b)  a  second  probe  having  a  second  electrical 
conductor; 
(c)  a  sheet-like  conductive  strap  electrically  in- 
terconnecting  said  first  electrical  conductor 

and  said  second  electrical  conductor,  said 
strap  including  a  sheet-like  end  portion;  and 
characterized  by 
(d)  said  end  portion  being  inherently  self- 

5  coiling. 

2.  The  assembly  of  claim  1  wherein  said  end  portion 
is  adapted  to  automatically  detach  from  at  least 
one  of  said  first  and  second  conductors  when  the 

10  separation  between  said  first  and  second  probes 
exceeds  a  predetermined  maximum  length  of  ex- 
tension  of  said  strap. 

3.  The  assembly  of  claim  1  wherein  said  strap  in- 
15  eludes  a  substantially  flat  central  portion  and  said 

end  portion  is  adapted  to  automatically  reduce 
the  length  of  said  central  portion  when  the  sep- 
aration  between  said  first  probe  and  said  second 
probe  is  reduced. 

20 
4.  The  assembly  of  claim  1  further  including  a  spin- 

dle  having  a  main  body  configured  to  engage  said 
first  probe  and  post  means  projecting  from  said 
main  body  for  receiving  said  end  portion  in  a 

25  coiled  position  about  said  post  means. 

5.  The  assembly  of  claim  4  wherein  said  first  probe 
includes  an  elongate  cylindrical  portion  and  said 
main  body  is  configured  to  adjustably  engage 

30  said  cylindrical  portion  to  enable  the  position  of 
said  post  means  to  be  varied  in  a  direction  length- 
wise  of  said  cylindrical  portion. 

6.  The  assembly  of  claim  4  wherein  said  first  probe 
35  includes  a  cylindrical  portion  and  said  main  body 

is  configured  to  rotatably  engage  said  cylindrical 
portion  to  enable  said  end  portion  to  be  carried 
on  said  post  means  toward  a  far  side  of  said  first 
probe  located  opposite  to  that  side  of  said  first 

40  probe  facing  said  second  probe. 

7.  A  method  of  making  a  return  line  assembly  for  a 
high  frequency  probe  device  comprising: 

(a)  providing  a  first  probe  having  a  first  elec- 
45  trical  conductor; 

(b)  providing  a  second  probe  having  a  second 
electrical  conductor; 
(c)  providing  an  elongate  sheet-like  conduc- 
tive  strap  having  a  first  end  and  a  second  end; 

so  (d)  electrically  connecting  said  first  end  to  said 
first  electrical  conductor;  and  characterized 
by 
(e)  electrically  connecting  said  second  end  to 
said  second  electrical  conductor  such  that  an 

55  automatically  detachable  connection  is  estab- 
lished  between  said  second  end  and  said  sec- 
ond  electrical  conductor. 

10 
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The  method  of  claim  7  further  including  the  step 
of  forming  said  strap  so  that  said  second  end  is 
inherently  self-coiling. 

The  method  of  claim  8  wherein  said  second  probe 
includes  a  slender  rigid  tip  and  step  (e)  includes 
inserting  said  slender  rigid  tip  centrally  within 
said  second  end  while  said  second  end  is  in  a 
coiled  position. 

10 
10.  The  method  of  claim  8  wherein  said  step  of  form- 

ing  said  strap  includes  providing  a  substrate  and 
forming  a  first  interface  by  depositing  a  first  layer 
of  a  first  material  on  said  substrate  using  a  thin 
film  process.  15 

11.  The  method  of  claim  10  wherein  said  step  of 
forming  said  strap  further  includes  forming  a  sec- 
ond  interface  by  depositing  a  second  layer  of  a 
second  material  on  said  first  material.  20 

12.  The  method  of  claim  11  wherein  said  step  of  form- 
ing  said  strap  further  includes  overcoming  the 
forces  of  adhesion  acting  along  said  first  inter- 
face  so  that  said  first  and  second  materials  are  25 
removed  from  said  substrate  with  said  second  in- 
terface  intact. 

13.  The  method  of  claim  12  wherein  said  step  of 
forming  said  strap  further  includes  depositing  30 
said  second  layer  so  that  compressive  forces  act 
internally  in  said  second  material  which  are  larger 
than  said  forces  of  adhesion  acting  along  said 
first  interface. 

35 
14.  The  method  of  claim  13  wherein  said  step  of 

forming  said  strap  further  includes  initiating  a 
self-continuing  stripping  operation  in  which  said 
compressive  forces  sequentially  overcome  said 
forces  of  adhesion  acting  along  said  first  inter-  40 
face. 
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